



CONVECTIVE BOUNDARY LAYER FLOW 
OF JEFFREY FLUID AND JEFFREY 













DOCTOR OF PHILOSOPHY 
 




We hereby declare that We have checked this thesis and in our opinion, this thesis is 






 (Supervisor’s Signature) 
Full Name  : ASSOC. PROF. DR. MOHD ZUKI SALLEH 
Position  : ASSOCIATE PROFESSOR 





 (Co-supervisor’s Signature) 
Full Name  : DR. ABDUL RAHMAN MOHD KASIM 
Position  : SENIOR LECTURER 
Date   : SEPTEMBER 2019
 
STUDENT’S DECLARATION 
I hereby declare that the work in this thesis is based on my original work except for 
quotations and citations which have been duly acknowledged. I also declare that it has 
not been previously or concurrently submitted for any other degree at Universiti 




 (Student’s Signature) 
Full Name : SYAZWANI MOHD ZOKRI  
ID Number : PSE15005 





CONVECTIVE BOUNDARY LAYER FLOW OF JEFFREY FLUID AND JEFFREY 









Thesis submitted in fulfillment of the requirements 
for the award of the degree of 
Doctor of Philosophy 
 
 
Faculty of Industrial Sciences & Technology 














In dedication to: 
 
My beloved Abah and Ma, 
Mohd Zokri Abdul Ghani & Noriah Saleh 
 
My lovely siblings, 




In the name of Allah, the Most Gracious, and the Most Merciful. All praises belong to 
Him, the Lord of the World. May shalawat and peace be upon the Prophet Muhammad 
SAW, his family and companions, and also for the people who are following and 
continuing the right path. I am so grateful to Allah for enabling me, His weak servant to 
accomplish my PhD successfully. Without Allah’s help, there could have been no 
justification for the existence of my research.  
First and foremost, I would like to express my deepest gratitude to my supervisor, 
Assoc. Prof. Dr. Mohd Zuki Salleh and co-supervisor, Dr. Abdul Rahman Mohd Kasim 
for their persistent help, superior guidance, constructive suggestions, passionate, 
encouragement and endless support from the initial to the final level, which has enabled 
me to unleash my potential as an applied mathematician. Completion of the thesis 
would not have happened if it was not through their generous effort and time poured 
into it. I am truly blessed to have both supportive supervisors along this challenging 
journey.  
Special thanks also go to my fellow friends who were instrumental in making my 
journey here a memorable and pleasurable one: Mila, Kak Laila and Kak Nani. I highly 
appreciate the words of motivation, ideas, comments, suggestions and support that had 
contributed to the improvement of my thesis. Last but not least, I would like to 
acknowledge my wholehearted thanks especially to my parents and siblings for their 












Model bendalir Jeffrey bukan Newtonan menggambarkan sifat likat anjal yang 
menjelaskan dual komponen pengenduran dan perencatan masa. Kelikatan ricih yang 
tinggi, penipisan ricih dan tegasan alah adalah ciri penting model bendalir ini, yang 
sangat berkaitan dengan industri polimer. Kelebihan bendalir Jeffrey adalah bahawa ia 
boleh diturunkan kepada bendalir Newtonan pada tegasan ricih dinding yang sangat 
tinggi, dengan syarat tegasan ricih dinding lebih besar daripada tekanan alah. 
Disebabkan itu, kajian yang dicadangkan di sini bertujuan untuk mengkaji model 
matematik untuk aliran olakan paksa, bebas dan campuran bendalir Jeffrey. Aliran yang 
disebabkan oleh pelbagai permukaan seperti lembaran peregangan, lembaran 
peregangan condong dan silinder bulat mengufuk di bawah kehadiran atau 
ketidakhadiran zarah nano dipertimbangkan. Analisis aliran untuk zarah nano 
dilaksanakan berdasarkan model Buongiorno. Masalah spesifik dikaji dengan beberapa 
kesan termasuk pelesapan likat, hidrodinamik magnet dan sinaran terma. Perumusan 
matematik dimulai dengan penjelmaan persamaan menakluk berdimensi ke dalam 
bentuk tak berdimensi menggunakan pemboleh ubah tak berdimensi yang sesuai. 
Pemboleh ubah penjelmaan keserupaan dan ketakserupaan masing-masing digunakan 
untuk mengurangkan bilangan pemboleh ubah bersandar atau tak bersandar. Persamaan 
terbitan biasa atau separa yang terhasil kemudiannya diselesaikan secara berangka 
melalui skim perbezaan terhingga tersirat, iaitu kaedah kotak-Keller. Algoritma 
berangka dibangunkan dalam perisian MATLAB untuk mendapatkan penyelesaian 
berangka. Pengesahan hasil berangka dicapai melalui perbandingan dengan hasil yang 
terdapat dalam kajian sedia ada. Keputusan berangka profil halaju, suhu dan kepekatan 
serta pekali geseran kulit, nombor Nusselt dan Sherwood untuk nisbah pengenduran 
kepada perencatan masa, nombor Deborah, parameter olakan campuran, nombor 
Prandtl, nombor Eckert, parameter keapungan kepekatan, gerakan Brownian, parameter 
resapan thermophoresis dan nombor Lewis dibentangkan secara grafik dan dianalisis 
secara terperinci. Penemuan mendedahkan bahawa, tingkah laku yang bercanggah pada 
kedua-dua parameter bendalir Jeffrey diperhatikan, tanpa mengira geometri permukaan 
yang dipertimbangkan. Kehadiran zarah nano dalam bendalir Jeffrey telah 
meningkatkan profil suhu dan seterusnya meningkatkan pemindahan haba. Aliran 
mengalir melalui silinder bulat mengufuk mendedahkan bahawa pemisahan lapisan 
sempadan untuk bendalir nano Jeffrey lebih tertunda daripada bendalir Jeffrey untuk 
parameter olakan campuran. Menunda pemisahan lapisan sempadan sehingga ke akhir 
permukaan silinder boleh mengurangkan seretan. Pemisahan ini biasanya tidak diingini 





Non-Newtonian Jeffrey fluid model describes the viscoelastic property that elucidates 
the dual components of relaxation and retardation times. High shear viscosity, shear 
thinning and yield stress are the important features of this fluid model, which is 
profoundly relevant with the polymer industry. The advantage of Jeffrey fluid is that it 
can be reduced to Newtonian fluid at very high wall shear stress, provided that the wall 
shear stress is much greater than the yield stress. Owing to these reasons, the proposed 
study herein aims to examine the mathematical models for forced, free and mixed 
convection flows of Jeffrey fluid. Flow that is induced by various surfaces such as 
stretching sheet, inclined stretching sheet and horizontal circular cylinder under the 
absence or presence of nanoparticles is considered. The flow analysis for nanoparticles 
is performed based on the Buongiorno model. Specific problems are studied with 
several effects including viscous dissipation, magnetohydrodynamic and thermal 
radiation. Mathematical formulation starts with the transformation of dimensional 
governing equations into dimensionless form using the appropriate non-dimensional 
variables. Similarity or non-similarity transformation variables are applied to reduce the 
respective number of dependent or independent variables. The resulting ordinary or 
partial differential equations are then solved numerically via the implicit finite 
difference scheme, namely the Keller-box method. Numerical algorithm is developed in 
MATLAB software to obtain the numerical solutions. Authentication of the numerical 
results is achieved through comparison with the results available in the existing 
literature. The numerical results of velocity, temperature and concentration profiles as 
well as skin friction coefficient, Nusselt and Sherwood numbers for ratio of relaxation 
to retardation times, Deborah number, mixed convection parameter, Prandtl number, 
Eckert number, concentration buoyancy parameter, Brownian motion, thermophoresis 
diffusion parameter and Lewis number are presented graphically and analysed in 
details. Findings disclose that, the contradictory behaviours of both Jeffrey fluid 
parameters are observed over the specified distributions, regardless of the surface 
geometry under consideration. The presence of nanoparticles in Jeffrey fluid has 
enhanced the temperature profiles and consequently enhanced the heat transfer. Flow 
passing through the horizontal circular cylinder reveals that the boundary layer 
separation for Jeffrey nanofluid is more delayed than the Jeffrey fluid for dissimilar 
mixed convection parameter. Delaying the boundary layer separation up to the end of 
the cylinder surface can greatly reduce drag. This separation is usually undesirable in 
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